Recent studies have reported and provided nucleotide sequence data from divergent isolates of hepatitis E virus (HEV), including isolates from North America and Africa. Sera were investigated from 29 Chinese patients with a diagnosis of acute hepatitis and who were negative for hepatitis viruses A-E by serology (HEV was excluded by testing for IgG antibody only). To determine whether some patients were infected with HEV but had yet to seroconvert to antibody positivity, RT-PCR was carried out with primers designed within conserved sequences of the HEV open reading frame (ORF) 1 and ORF2 regions. Fifteen patients were found to harbour sequences related to HEV. Analysis of the HEV products revealed that nucleotide sequences from nine of the sera closely matched Burmese-like HEV sequences (more than 92 % nucleotide identity across ORF1 and 88 % in ORF2). The remaining six HEV isolates were similar to each other but divergent from all other known HEV sequences (74 to 83 % nucleotide identity in ORF1 or ORF2). Phylogenetic analysis suggests that the six divergent isolates represent a fourth genotype of HEV, distinct from the previously described Burmese, Mexican and United States variants (genotypes 1, 2 and 3). This novel variant, referred to here as the Chinese genotype (genotype 4), may be responsible for a significant proportion of cases of acute hepatitis in China, as seen by the fact that 40 % of the HEVinfected patients in this study were genotype 4 positive.
Introduction
The description at the end of the 1980s of hepatitis C virus (HCV, Choo et al., 1989) and hepatitis E virus (HEV ; Reyes et al., 1990) largely solved the enigma of non-A, non-B hepatitis (NANBH). While HEV resembles hepatitis A virus (HAV) in its route of transmission and in causing acute, resolving hepatitis, the epidemiology is quite different. HEV is generally found in developing countries. Major epidemics and sporadic infections, typically associated with faecal contamination of drinking water, have been described in various Asian and African countries and in Mexico. During epidemics, a percentage of pregnant women develop unexplained fulminant hepatitis with a significant rate of mortality, reportedly as high as 20 %.
Although chronic HEV infections have not been described, some acute episodes involve prolonged excretion of virus in the faeces (Nanda et al., 1995) and such infections may help to maintain a reservoir of virus between epidemics. It is also possible that the virus infects other hosts, as antibodies to HEV and HEV sequences have been detected in domestic livestock, such as sheep and pigs, and in rodents, such as rats (Balayan et al., 1990 ; Usmanov et al., 1994 ; Meng et al., 1997) .
The prototype nucleotide sequence of HEV was derived from a Burmese isolate (Tam et al., 1991) . Other Asian isolates from Pakistan, India and China (Tsarev et al., 1992 ; Donati et al., 1997 ; Yin et al., 1993 ) resemble this prototype closely. HEV sequences described recently from Africa (Algeria and Chad ; van Cuyck-Gandre et al., 1997) (Morocco and Tunisia ; Chatterjee et al., 1997) and Central Asia (Tashkent, Uzbekistan and Osh, Kirgizia ; Chatterjee et al., 1997) are distinct from previous isolates but nonetheless cluster phylogenetically with the Asian prototype. All of these Burmese-like isolates share more than 90 % nucleotide identity, with the exception of sequences within the hypervariable region of open reading frame (ORF) 1. In contrast, the single isolate from Mexico (Huang et al., 1992) is clearly divergent from the Burmese-like isolates, sharing approximately 75 % nucleotide identity. Despite this divergence, immunoassays developed to detect immunodominant epitopes encoded by ORF2 and ORF3 generally cross-react with known isolates. This divergence is reflected in the design of assays for anti-HEV antibodies, which employ peptides and recombinant antigens from both the Burmese and Mexican prototypes (Yarbough et al., 1991 ; Dawson et al., 1992) .
HEV isolates significantly divergent from the Burmese and Mexican prototypes have been identified in the USA. While almost all clinical cases of hepatitis E in the USA, and other developed countries, are in travellers returning from endemic areas, anti-HEV in normal blood donors is not invariably associated with travel (Dawson et al., 1992) . A case of acute hepatitis E in a non-traveller from Minnesota was reported recently, demonstrating the presence of a significantly divergent variant, HEV-US1, in the USA (Kwo et al., 1997 ; Schlauder et al., 1998) . HEV-US1 is approximately as similar to the Mexican and Burmese-like isolates as the Mexican isolate is to the Burmese-like isolates, i.e. approximately 75 % nucleotide identity. This HEV-US1 isolate shows a significant degree of nucleotide identity to HEV sequences recently isolated from herds of swine in the USA, approximately 92 % (Meng et al., 1997) .
Hepatitis E is endemic in China and epidemics have also been reported. For example, around 120 000 individuals were infected during a prolonged outbreak of enterically transmitted NANBH in Xinjiang between July 1986 and April 1988 (Zhuang et al., 1991 . Cloning and sequencing of several virus isolates confirmed that the cause was HEV (Aye et al., 1992 ; Bi et al., 1993 ; Yin et al., 1993) . In 1991, around 1800 sera from sporadic cases of acute hepatitis from 11 Chinese cities (not including Xinjiang) were assayed for anti-HEV IgG, with 8n6% testing positive (Zhu et al., 1996) . In areas where immunization against HAV has been introduced, as many as 20 % of cases of sporadic acute hepatitis may be positive for anti-HEV IgG (H. Zhang, unpublished observations).
Despite rapid identification and characterization of viruses associated with hepatitis, cases of acute hepatitis of presumed virus aetiology continue to be described worldwide and have been designated non-A-E hepatitis. While commercial and research-based assays are readily available to identify HEV infections, their success in identifying divergent variants of the virus is unclear. To investigate the possible virus aetiology of acute non-A-E hepatitis in China, we have determined the prevalence of HEV in anti-HEV IgG-negative sera. RT-PCR was used to detect sequences within conserved regions of HEV ORFs 1 and 2. In addition to the identification of HEV infections attributable to Burmese-like isolates, several members of a novel genotype of HEV were identified.
Methods
Serum samples. Sera from 29 patients from China with a clinical diagnosis of acute (sporadic) hepatitis were collected from Beijing (sample code prefix B), Liaoning province (prefix S) and Henian province (prefix H). All sera were negative for anti-HAV IgM, hepatitis B virus surface antigen (HBsAg) and anti-HCV, as determined by commercial assays licensed by the Chinese Ministry of Public Health, for HBV DNA and HCV RNA, and for anti-HEV IgG using an in-house peptide assay accredited by the Chinese National Reference Laboratory, and were diagnosed provisionally as carrying non-A-E hepatitis.
RT-PCR. RNA was extracted from 140 µl serum with a QIAmp viral RNA kit (Qiagen), yielding 50 µl purified RNA. RT-PCR was carried out in a 50 µl reaction with 15 µl purified RNA, 25 pmol each primer, 4n5 U AMV reverse transcriptase and 5 U Taq polymerase. Thirty-five cycles of 94 mC for 1 min, 50 mC for 45 s and 72 mC for 1 min, with a final extension of 72 mC for 10 min, were used for amplification. Second-round reactions were carried out in a volume of 50 µl with 5 µl first-round product, 25 pmol each primer and 5 U Taq polymerase. Parameters were the same as the first round except that only 30 cycles of amplification were carried out.
Consensus oligonucleotide primers for HEV ORF1 and ORF2 were designed within regions of sequence conserved between the full-length sequences from Asia, Mexico and the USA (J. C. Erker, S. M. Desai, G. G. Schlauder, G. J. Dawson & I. K. Mushahwar, unpublished results) . The ORF1 primers are positioned within the methyltransferase region at nucleotides 56-79 and 473-451 of the Burmese isolate (GenBank accession no. M73218), amplifying a product of 418 bp : ConsORF1-s1, 5h CTGGCATYACTACTGCYATTGAGC and ConsORF1-a1, 5h CCATCRARRCAGTAAGTGCGGTC. The ORF2 primers, at positions 6298-6321 and 6494-6470 of the Burmese isolate, produce a product of 197 bp : ConsORF2-s1, 5h GACAGAATTRATTTCGTCGGCTGG and ConsORF2-a1, 5h CTTGTTCRTGYTGGTTRTCATAATC. Secondround internal primers amplify 287 and 145 bp products for ORF1 and ORF2, respectively : ConsORF1-s2, 5h CTGCCYTKGCGAATGCTG-TGG ; ConsORF1-a2, 5h GGCAGWRTACCARCGCTGAACATC ; ConsORF2-s2, 5h GTYGTCTCRGCCAATGGCGAGC ; and Cons-ORF2-a2, 5h GTTCRTGYTGGTTRTCATAATCCTG.
Sequence analysis. Second-round PCR products were excised from agarose gels, purified and ligated into pCR2.1 (Invitrogen) or Pinpoint Xa1 T (Promega) vectors. One to three clones were sequenced manually with the k40 or reverse sequencing primers and Sequenase version 2.0 (Amersham) or automatically with an ABI model 373 DNA sequencer and the ABI sequencing ready reaction kit (Perkin-Elmer) according to the manufacturer's instructions.
Sequences used for the phylogenetic analysis were of isolates from Mexico (Mex, GenBank accession no. M74506), Burma (Bur1, M73218 ; Bur2, D10330), Pakistan (P1, M80581), China (C1, D11092 ; C2, L25547 ; C3, M94177 ; C4, D11093 ; C5, L08816 ; C6, L25595), India (I1, X98292 ; I2, X99441), Morocco (Mor12, AF010423 ; Mor23, AF010424), Tashkent, Uzbekistan (Tash, AF010426), Osh, Kirgizia (Osh, AF010425) and the USA (US1, AF060668 ; US2, AF060669). The HEV ORF1 sequences reported here are : B1, AF082081 ; B6, AF082085 ; B7, AF082086 ; S13, AF082092 ; and S15, AF082093. The HEV ORF2 sequences reported are : B2, AF082082 ; B3, AF082083 ; B4, AF082084 ; H3, AF082087 ; H8, AF082088 ; S1, AF082089 ; S5, AF082095 ; S9, AF082096 ; S10, AF-082090 ; S11, AF082091 ; and S15, AF082094.
Phylogenetic analysis. Nucleotide sequences were aligned using PILEUP (GCG version 9.0, Genetics Computer Group, Madison, WI, USA). These alignments were analysed with the DNADIST program of PHYLIP (version 3.5c ; Felsenstein, 1993) to calculate evolutionary distances between sequences. Unrooted phylogenetic trees were generated using FITCH and RETREE with the midpoint rooting option. The final output was visualized using the program TreeView (Page, 1996) .
The robustness of the phylogenetic trees was assessed by bootstrap analysis of the sequence alignments with the programs SEQBOOT, DNADIST and NEIGHBOUR from the PHYLIP package, using 1000 resamplings of the data. The consensus tree was generated with CONSENSE. Bootstrap values greater than 70 % provide significant evidence for phylogenetic grouping.
Results and Discussion
Sequencing revealed that products amplified from the sera of 15 of the 29 patients were HEV-related (Table 1) . Serum from only one individual, S15, allowed amplification of both the ORF1 and ORF2 regions. The ORF1 degenerate primer set amplified 43 % of these HEV sequences successfully. In contrast, the ORF2 set was much more efficient, amplifying products from 90 % of the positive individuals tested. While both primer sets amplify Burmese-like and US isolates successfully (J. C.
Mushahwar, unpublished results), further characterization of these primers may be necessary to improve their sensitivity on discrepant samples. Perhaps alternative amplification conditions such as ' touchdown ' PCR may be required. It is also likely that, as additional novel HEV sequences are amplified and extended, the primers may require modification.
The HEV sequences amplified from nine patients shared a high degree of identity with HEV isolates described previously. The 242 nucleotide ORF1 sequences of B1, B2, B6, B7 and S13 were most identical to each other, with 96 to 99 % identity. These sequences were approximately 92 to 95 % identical to isolates from Burma, China, Pakistan, Africa and India, with the exception of 98 % identity to the Indian isolate referred to here as I1 (Donati et al., 1997) . Approximately 80 % identity was shared with the Mexican isolates and 74 % with the isolates from the USA. The 98 nucleotide ORF2 sequences from S1, S10, S11 and H8 shared 97 to 99 % identity with each other and 88 to 99 % identity with other isolates from Asia and Africa. These sequences were approximately 86 % identical to the Mexican isolate and 80 % identical to the US isolates.
HEV ORF2 sequences from the six remaining positive patients (B3, B4, S5, S9, S15 and H3) shared 90 to 96 % identity with each other, but only approximately 79 to 83 % identity with HEV sequences from Asia, Africa, Mexico and the USA and the four ORF2 sequences reported above. This level of identity is similar to that seen between the Burmese-like and Mexican (79 to 86 %), the Burmese-like and US (73 to 85 %) and the Mexican and US (83 %) isolates, suggesting that these six isolates may form a distinct group. Of these six novel HEV samples, only S15 yielded an ORF1 product. This product was 76 to 80 % identical to the Asian, African, Mexican and US 
* Positive by ethidium bromide staining but sequence analysis showed no relationship to HEV. † Follow-up serum samples were obtained and tested for anti-HEV IgG.
isolates, as well as to the five ORF1 isolates reported above. The Burmese-like, Mexican and US isolates possess similar identity (75 to 80 %) between groups, supporting the suggestion that S15 is a member of a distinct group. There is a high degree of conservation between the different isolates of HEV. However, analysis of the nucleotide alignments of the ORF1 and ORF2 regions demonstrates significant genetic differences between geographically distributed isolates (Fig. 1 a, b) . The consensus sequence shown is generally derived from the Burmese-like isolates. Of interest is the finding that the majority of the nucleotide substitutions within ORF1 and ORF2 do not result in amino acid substitutions. Within ORF1, of 85 amino acid positions 17 The potential methyltransferase domains within ORF1 are underlined and labelled (Koonin et al., 1992) . The range given represents the minimum to maximum genetic differences within and between groups of sequences derived from the genotypes and regions shown. , Not determined, as only a single sequence has been reported. ORF1 (242 nucleotides) China* (n l 1)  0n2768-0n3142 0n2867 0n3058-0n3204 Burma † (n l 19) 0n0-0n0972 0n2341-0n2663 0n3034-0n4055 Mexico (n l 1)  0n2857-0n3158 USA (n l 2) 0n087 ORF2 (98 nucleotides) China* (n l 6) 0n0103-0n1350 0n2189-0n3407 0n1919-0n2608 0n2508-0n3438 Burma † (n l 15) 0n0-0n1331 0n1904-0n2346 0n2308-0n3565 Mexico (n l 1)  0n3044-0n3194 USA (n l 2) 0n0633 * Refers to isolates B3, B4, H3, S5, S9 and S15. † Refers to all Burmese-like HEV sequences (Bur1, Bur2, C1, C2, C3, C4, C5, C6, P1, I1, I2, Chad, Mor12, Mor23, Tash, Osh, B2, B6, B7, H8, S1, S10 and S11).
show variability, three of which are located within putative methyltransferase domains. There are seven amino acid substitutions that occur only in a single isolate. S15 is the most divergent, with 10 amino acid substitutions, only one of which is unique. Within ORF2, there are six amino acid positions out of 32 where substitutions occur, with no more than two substitutions in a given isolate. These amino acid changes, as well as the many nucleotide changes, indicate the presence of distinct groups of HEV, definable genotypes and potential subtypes. Phylogenetic analysis of these sequences reveals at least four unique genetic groups of HEV. Although the number of data-points analysed here is minimal, Schlauder et al. (1998) have shown that analysis even of small regions of the HEV genome yields evolutionary distances and relationships similar to those produced from the full-length genome. A summary of the evolutionary distances calculated for the ORF1 region is shown in Table 2 . Isolates B2, B6, B7, S5 and S13 group strongly with the Burmese-like sequences, with distances of 0n0472 to 0n0972 substitutions per position to members of this group. Distances of S15 to the other HEV isolates are all greater than 0n2768 substitutions. Similar distances are seen between Burmese-like isolates and the Mexican or US isolates (0n2341 to 0n4055 substitutions) and between the Mexican isolate and the US isolates (0n2857 to 0n3158 substitutions). These data suggest that S15 is as related to the variants reported previously from Asia, Mexico and the USA as these variants are to each other. Analysis of the ORF1 distances suggests that isolates within a single group would have genetic distances of less than 0n0972 nucleotide substitutions per position across this region, while the distances between groups would be greater than 0n2341 substitutions. This is demonstrated by the histogram shown in Fig. 2 . The genetic distances clearly group into two main sets, separating distances within a genotype (less than 0n15) and those between genotypes (greater than 0n235). Distances of less than 0n15 may be further divided into two groups, those less than 0n035, representing distances within potential subtypes, and those greater than 0n045, showing distances between subtypes.
The evolutionary distances of B3, B4, H3, S5, S9 and S15 ORF2 to each other range from 0n0103 to 0n1350 nucleotide substitutions per position (Table 2 ). This is similar to the genetic distances seen between Burmese-like isolates, which have distances of 0n0 to 0n1331 substitutions per position, and to that between the US isolates, 0n0633 substitutions. Isolates S1, S10, S11 and H8 group with the Burmese-like isolates, well within the distances stated above. The isolates B3, B4, H3, S5, S9 and S15 show distances of 0n1919 to 0n3438 substitutions per position to the Burmese-like, the Mexican and the US isolates. This is similar to the distances between the Burmeselike, the Mexican and the US groups (0n1904 to 0n3565 substitutions). These genetic distances suggest that, within a given HEV genotype, evolutionary distances across this ORF2 region will be less than 0n1350 nucleotide substitutions per position, while those between genotypes will be greater than 0n1904 substitutions. The presence of four genetically distinct groups or genotypes of HEV is further demonstrated by the unrooted phylogenetic trees produced from the ORF1 and the ORF2 alignments (Fig. 3 a, b) . In each instance, the B3, B4, H3, S5, S9 and S15 sequences group on a distinct major branch of the tree. There are three other major branches, one representing the US isolates (US1 and US2), another representing the Mexican isolate (M1) and the last containing the Burmese-like isolates from Asia and Africa. This branching is supported by strong bootstrap values for ORF1, with all of the major branches having values over 71n3 %. Many of the bootstrap values for the ORF2 phylogenetic analysis are also significant. Interestingly, while the branching within the B3, B4, H3, S5, S9 and S15 group of sequences is strongly supported, the node at the base of this major branch is only supported in 49n8 % of the trees. This may be attributable to the many common nucleotide substitutions between the Mexican sequence and the US isolates or these six Chinese sequences (Fig. 1 b) , causing the Mexican sequence to group with B3, B4, H3, S5, S9 and S15 in 45 % of the trees and with the US isolate in 5 % of the trees. While the results obtained from the ORF2 region weakly mirror those of the ORF1 region, as well as those of other investigators (Schlauder et al., 1998 ; Chatterjee et al., 1997 ; van Cuyck-Gandre et al., 1997) , these results may indicate that this region of the HEV genome is nearing the minimum length and variability required for accurate typing.
The division of HEV isolates into four distinct genotypes is demonstrated clearly by sequence and phylogenetic analyses. There is also an indication of the existence of subtypes, particularly within the ORF1 region (Fig. 2) . Within the Burmese-like group, there are many nucleotide substitutions that consistently occur in combination within ORF1, particularly between positions 119 and 179 in Fig. 1 (a) , suggesting as many as five separate subgroups. These five subgroups are illustrated by the five minor branches on the phylogenetic tree (Fig. 3 a) , with each grouping having bootstrap values greater than 77n6 %. The genetic distances within each of these five subgroups are less than 0n0338 substitutions per nucleotide (Table 3) . Distances between subgroups are greater than 0n0428 substitutions, except for the single distance of 0n0341 substitutions between an Indian isolate (I1) and the Tashkent isolate (Tash). Based on these genetic distances, it is possible that the two isolates from the USA may represent two subtypes, as the ORF1 distance between isolates is 0n087 substitutions. While the overall grouping between the Burmese-like ORF2 sequences on the phylogenetic tree is similar to that for ORF1, genetic distances and bootstrap values do not clearly support the separation into five distinct subtypes. In particular, there are no Central Asian isolates for which sequence data are available across the region of analysis. The Bur1, Bur2 and I2 isolates form a closely related subgroup Table 3 . Phylogenetic distances for ORF1 and ORF2 within and between potential subtypes of HEV The range given represents the minimum to maximum genetic differences within and between groups of sequences derived from the potential subtypes shown. , Not determined, as only a single sequence has been reported. ORF1 (242 nucleotides) 1a (n l 3) 0n0125-0n0338 0n0428-0n0730 0n0553-0n0868 0n0561-0n0742 0n0695-0n0785 1b (n l 7) 0n0-0n0294 0n0510-0n0822 0n0695-0n0923 0n0561-0n0740 1c (n l 5) 0n0042-0n0167 0n0680-0n0969 0n0428-0n0650 (0n0341)* 1d (n l 2) 0n0042 0n0695-0n0785 1e (n l 2) 0n0126
0n0103-0n0209 0n0980-0n1096 4c (n l 1)  * Genetic distance between the I1 and Tash isolates.
and the single African isolate (Chad) groups independently. However, the two subgroups encompassing the Burmese-like isolates from China, India and Pakistan have genetic distances which overlap. Distances less than 0n0426 substitutions are seen within each of these potential subgroups, but distances greater than 0n0206 substitutions per position are seen between these subgroups. This is most likely the result of the short length and high degree of conservation of the ORF2 region analysed. Analysis of the phylogenetic tree and genetic distances of the B3, B4, S5, S15 and H3 ORF2 sequences suggests the presence of subtypes within this genotype (Table 3) . Isolates S15 and H3 group together, with a distance of 0n0313 substitutions per position. Isolates B3, B4 and S5 also group closely, with distances less than 0n0209 substitutions. S9 forms a unique branch, with distances greater than 0n0973 substitutions to the other members of this genotype, distances that are similar to those between the other potential subtypes. These data, as well as those from the Burmese-like ORF2 analysis, again suggest that the US isolates may form two subtypes, as the genetic distance between the US ORF2 sequences is 0n0633 substitutions.
Following the recent expansion of the number of HEV variants for which sequence data are available, a consistent nomenclature needs to be established. Sequence and phylogenetic analyses support the establishment of four main genotypes of HEV, which group in accordance with four potential HEV strains. These include the Burmese (genotype 1), Mexican (genotype 2) and US genotypes (genotype 3) and the Chinese genotype described here (genotype 4). Genotype 1 represents all isolates with identity to the original HEV isolate from Burma. This includes isolates from Burma, India, Pakistan, China, Central Asia and Africa. A tentative designation of subtypes can also be established. Separation of genotype 1 into at least three subtypes is supported by phylogenetic analysis of the available full-length sequences (J. C. Erker, S. M. Desai, G. G. Schlauder, G. J. Dawson & I. K. Mushahwar, unpublished results) , full-length ORF2\3 analysis (Schlauder et al., 1998) and restriction endonuclease digestion of PCR products (Gouvea et al., 1998) . These groups include subtype 1a (Bur1, Bur2 and I2), subtype 1b (C1, C2, C3, C4, C5, C6 and P1) and subtype 1c (I1). The ORF1 and ORF2 analyses presented here increase the number of isolates belonging to subtype 1c (B1, B2, B6, B7, S1, S10, S11, S13 and H8) as well as suggesting two additional subtypes, subtype 1d (Tash and Osh) and subtype 1e (Mor12, Mor23 and Chad). The establishment of subtypes 1d and 1e is further supported by the analysis of additional sequences from these isolates. Analysis of the hypervariable region of ORF1 and the ORF2\3 overlap has demonstrated that these isolates are divergent from, yet most closely related to, the Asian isolates (Chatterjee et al., 1997 ; van CuyckGandre et al., 1997) . Subtypes of genotype 2 cannot be determined, as only a single Mexican isolate has been reported. Two human isolates have been identified for genotype 3, each possibly representing a distinct subtype, subtypes 3a (US1) and 3b (US2). The HEV sequences identified in swine in the USA (Meng et al., 1997) may represent a third subtype, 3c (data not shown). Genotype 4 may be further divided into three groups, subtypes 4a (S15 and H3), 4b (B3, B4 and S5) and 4c (S9). As sequences of the novel isolates from Africa and Central Asia and the Chinese isolates described here are extended, and as additional isolates are identified, the divisions between genotypes and potential subtypes may become more clearly defined.
Partial sequences of two HEV isolates from Guangzhou, China have been reported (Huang et al., 1995) . Analysis of 210 nucleotide sequences within the RNA-dependent RNA polymerase region of ORF1 suggests that these isolates (G9 and G20) are distinct from the Burmese-like and Mexican strains, with less than 80 % identity. These sequences are also distinct from the HEV-US1 and HEV-US2 isolates (Schlauder et al., 1998) . The relationship of G9 and G20 to isolates of the novel Chinese variant could not be determined, because we have not analysed the analogous region from any of the isolates described here.
Follow-up serum samples were obtained from six of the patients who were positive for HEV by RT-PCR, and tested for antibodies using the Genelabs (Singapore) anti-HEV assay. Sera from B1, B2, B3, B6 and B7 were collected 1 month after acute infection and H3 was collected 3 months after acute infection. Patients B2, B6 and B7, who were infected with Burmese-like isolates, were anti-HEV IgG positive. The sampleto-cut-off ratios (S\CO) were 1n1, 3n3 and 3n8, respectively. Patient B1 was antibody negative using this test, with an S\CO ratio of 0n05. Anti-HEV IgG could not be detected in the follow-up sera from the two patients infected with the novel Chinese variant, B3 and H3. The samples had S\CO ratios of 0n4 and 0n11, respectively. Since Burmese-and Mexican-based assays have been shown to detect antibodies to Burmese-like and Mexican HEV readily, as well as IgG to US isolates (Bradley, 1995 ; Schlauder et al., 1998) , it is interesting that antibodies were not detected. Further investigation is required to determine whether antibody titres were below the levels detectable with a peptide assay, which may be less sensitive than assays based on recombinant antigens (Mast et al., 1998) , or whether the Chinese variant represents a distinct serotype of HEV.
There are many aspects related to the reporting and analysis of HEV sequences that require consistency. Foremost among these, GenBank citations should be as complete as possible for all isolates. The geographical origins of several sequences within GenBank are unclear, or are too broad to allow accurate conclusions about the regional distribution of genotypes or subtypes to be reached. Incomplete citation or isolate designation may also interfere with the analysis of the six full-length sequences from China. It seems that the isolates reported here as C2 and C6, as well as C3 and C5, may be identical except for sequence modifications at the 5h or 3h termini. If this is the case, genetic distances of 0n0 000 nucleotide substitutions per position are purely artefactual. Additionally, future analysis of HEV isolates should include as long a sequence as possible, either from a single region of the genome or from multiple shorter regions. Currently, there is a high degree of variability in the regions of the HEV genome targeted for analysis. We suggest that the ORF1 consensus primers presented here may be used effectively in future studies. The current primers work sufficiently well to amplify known and unknown samples under standard amplification conditions. This region has been shown to be sufficient in length and variability to provide genotype and subtype results similar to full-length genome analysis.
The rapid expansion of the data set of HEV sequences, with recent reports of distinct Burmese-like isolates from Africa and Central Asia, novel isolates from the USA, HEV sequences in US swine and the novel Chinese variant reported here, demonstrates that HEV is a worldwide problem. While studies are needed to determine the prevalence of these new isolates in human populations, clinicians need to be aware of the potential for underestimation of acute hepatitis E infection.
Following the submission of this manuscript, Hsieh et al. (1998) reported the isolation of a unique variant of HEV from four Taiwanese patients. These 92 nucleotide ORF1 sequences were more than 96 % identical to each other but only 71 to 79 % identical to the Burmese-like and Mexican isolates. These Taiwanese isolates are also 76n1 to 80n4 % identical to the HEV-US sequences. However, the ORF1 sequence of the genotype 4 isolate reported here (S15) is 87 to 89n3 % identical to these Taiwanese isolates, suggesting that these five isolates may be members of the same genetic group. Hsieh et al. (1998) demonstrated that the Taiwanese isolates represent a new strain of HEV, based on the presence or absence of endonuclease restriction sites. Nucleotide alignment and phylogenetic analysis of this 92 nucleotide region demonstrate the presence of the four genetic groups presented above and the potential for subtypes, as well as the close relationship of the Taiwanese and S15 sequences (data not shown). As the number of HEV isolates continues to increase, the need to establish guidelines for forming genetic groups and consistent nomenclature becomes urgent. The data provided here, although based on limited sequence information, allow the formation of consistent genetic groups using robust phylogenetic analysis, the ability to amplify multiple regions of the genome with consensus primers, and an easily interpretable nomenclature.
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